Combinatorial interactions between positive and negative cis-acting elements control spatial patterns of 4CL-1 expression in transgenic tobacco.
The phenylpropanoid enzyme 4-coumarate:coenzyme A ligase (4CL) plays a key role in linking general phenylpropanoid metabolism to end-product specific biosynthetic pathways. During vascular system and floral organ differentiation, the parsley 4CL-1 gene is expressed in a restricted set of tissues and cell types where 4CL activity is required to supply precursors for the synthesis of diverse phenylpropanoid-derived products such as lignin and flavonoids. In order to localize cis-acting elements which specify complex patterns of 4CL-1 expression, we analyzed the expression of internally deleted promoter fragment-GUS fusions in tobacco plants and parsley protoplasts. Elements located between -244 and -78 were required for most aspects of developmentally regulated expression. Within this region, three separate promotor domains containing partially redundant cis-elements directed vascular-specific expression when combined with a TATA-proximal domain. A negative cis-acting element which represses phloem expression was revealed in one of the domains and appears to be responsible for restricting vascular expression to the xylem. Distinct but overlapping promoter domain combinations were required for expression in floral organs, suggesting that different combinations of cis-acting elements may direct expression in different organs. Gel retardation assays were used to demonstrate the formation of DNA-protein complexes between factors present in nuclear extracts of parsley tissue culture cells and various tobacco organs and a 4CL-1 promoter fragment. Competition experiments showed that complex formation required the presence of a 42 bp promoter domain shown to be critical for 4CL-1 expression in vascular and floral tissues. The results are discussed in light of the coordinate expression of 4CL and other phenylpropanoid genes.